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Introduction
In this contribution we discuss on the conducted and radiated Tx signal quality requirements for the NR BS in 7 – 24 GHz range. Related TP to TR is provided in a separate contribution.
Discussion
Frequency error
By definition, the (conducted, or radiated) frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency. 
The OTA frequency error is correlated among all TRX units forming the beam, hence the OTA frequency error is coherent and will have a ‘flat’ response in the spatial domain, i.e. OTA frequency error will not depend on the selection of the measurement point within beam’s compliance directions set.
It was agreed to reuse the E-UTRA frequency error requirement for NR FR1 (both conducted and OTA) as well as for FR2. BS class specific requirement is listed in the table below: 
	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm



Observation 1: The frequency error requirement is the same for FR1 and FR2. Therefore the (conducted and radiated) frequency error requirement for the 7 – 24 GHz range can be reused from FR1/FR2. 
EVM
The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. 
For QPSK, 16QAM and 64QAM, the requirement levels for the conducted and radiated modulation quality for FR1 and FR2 requirements were reused from E-UTRA specification.
For 256QAM, the requirement level for the conducted and radiated modulation quality for FR1 requirements were reused from E-UTRA specification as well, but not for FR2. Applicability of 256QAM for FR2 is evaluated in Rel-16 NR_DL256QAM_FR2 WI [2] (the core part to be completed March 2020, the Performance part to be completed September 2020). As the 7 – 24 GHz SI was extended to March 2020, it might be possible to capture the NR_DL256QAM_FR2 work item concussions and 7 – 24 GHz observation in the TR 38.820 as well.
BS class specific requirements (both conducted and radiated) are listed in the table below: 
	Modulation scheme for PDSCH
	Required EVM
	Applicability

	QPSK
	17.5 %
	FR1 (conduced, OTA); 
FR2 (OTA)

	16QAM
	12.5 %
	

	64QAM
	8 %
	

	256QAM
	3.5 %
	FR1 (conduced, OTA); 
FR2: 256QAM for FR2 is subject of a separate Rel-16 WI [2]. 



It shall be noted, that despite EVM requirement levels being reused for NR from the legacy specifications, there were some other aspects such as EVM window and equalization algorithms which were required to be adjusted to suit the NR specifics, e.g. spectrum utilization, reference signal structure, and numerologies. For NR EVM is defined similar to that of E-UTRA in that the measurement device contains an equalization algorithm and the EVM is assessed after equalization. For FR2, common phase error compensation algorithm is also needed to be applied in addition to the simple equalization algorithm. For FR2, a DM-RS pattern is transmitted, and a standardized receiver will be used to mitigate some linear aspects of the EVM. Additionally, common phase error compensation algorithm is also needed to be applied in addition to the simple equalization algorithm. For this, an additional reference signal is needed, i.e. the phase tracking reference signal (PT-RS).
The above FR1 vs. FR2 differences for EVM testing are addressed in FR1- and FR2-specific EVM testing annexes in TS 38.141-2. 
Observation 2: The QPSK, 16QAM and 64QAM (conduced and radiated) EVM requirements for 7 – 24 GHz range can be reused from FR1/FR2. 
Observation 3: The 256QAM (conduced and radiated) EVM requirements can be reused for FR1-like subrange of the 7 – 24 GHz.
Observation 4: for the FR2-like subrange of the 7 – 24 GHz, despite of the conclusions of the ongoing Rel-16 WI on 256QAM for FR2, the applicability of the 256QAM in FR2-like subrange of the 7 – 24 GHz might require further evaluations during WI. If it will be concluded to introduce 256QAM requirements in FR2, such requirements shall be also introduced in whole 7 – 24 GHz range.
Observation 5: depending on the 7 – 24 GHz range split among the FR1-like and FR2-like sub-ranges, the applicability of the FR-2 specific signals (e.g. PTRS) and algorithms might require further study during WI. 
TAE
By definition, the TAE definition slightly differs among the BS types due to consideration of antenna connector/TAB connector, ot RIB: 
· For BS type 1-C, the TAE is defined as the largest timing difference between any two signals belonging to different antenna connectors for a specific set of signals/transmitter configuration/transmission mode.
· For BS type 1-H, the TAE is defined as the largest timing difference between any two signals belonging to TAB connectors belonging to different transmitter groups at the transceiver array boundary, where transmitter groups are associated with the TAB connectors in the transceiver unit array corresponding to MIMO transmission, carrier aggregation for a specific set of signals/transmitter configuration/transmission mode.
· For a specific set of signals/transmitter configuration/transmission mode, the OTA Time Alignment Error (OTA TAE) is defined as the largest timing difference between any two different NR signals. The OTA time alignment error requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range.
Based on the comparison of the TAE requirement values in the table below, the following was observed: 
	Transmission scheme
	TAE limit
	Applicable to FR1
	Applicable to FR2

	MIMO transmission
	65 ns
	yes
	yes

	intra-band contiguous CA, with or without MIMO
	260 ns
	yes
	

	
	130 ns
	
	yes

	intra-band non-contiguous CA, with or without MIMO
	3 µs
	yes
	

	
	260 ns
	
	yes

	inter-band CA, with or without MIMO
	3 µs
	yes
	yes



Observation 6: The following TAE requirements are defined the same for FR1 and FR2 and therefore are considered to be reused for the 7 – 24 GHz range: 
· MIMO transmission
· inter-band CA, with or without MIMO
Observation 7: For intra-band CA TAE requirements, the FR1 and FR2 requirements differ due to different set of supported SCS values.   
Conclusion
The following was observed for the Tx signal quality requirements: 
Observation 1: The frequency error requirement is the same for FR1 and FR2. Therefore the (conducted and radiated) frequency error requirement for the 7 – 24 GHz range can be reused from FR1/FR2.
Observation 2: The QPSK, 16QAM and 64QAM (conduced and radiated) EVM requirements for 7 – 24 GHz range can be reused from FR1/FR2. 
Observation 3: The 256QAM (conduced and radiated) EVM requirements can be reused for FR1-like subrange of the 7 – 24 GHz.
Observation 4: for the FR2-like subrange of the 7 – 24 GHz, despite of the conclusions of the ongoing Rel-16 WI on 256QAM for FR2, the applicability of the 256QAM in FR2-like subrange of the 7 – 24 GHz might require further evaluations during WI. If it will be concluded to introduce 256QAM requirements in FR2, such requirements shall be also introduced in whole 7 – 24 GHz range.
Observation 5: depending on the 7 – 24 GHz range split among the FR1-like and FR2-like sub-ranges, the applicability of the FR-2 specific signals (e.g. PTRS) and algorithms might require further study during WI. 
Observation 6: The following TAE requirements are defined the same for FR1 and FR2 and therefore are considered to be reused for the 7 – 24 GHz range: 
· MIMO transmission
· inter-band CA, with or without MIMO
Observation 7: For intra-band CA TAE requirements, the FR1 and FR2 requirements differ due to different set of supported SCS values.   
Based on the above observations, related TP to TR 38.820 is provided in [1] for approval. 
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